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A method and apparatus for monitoring alpha contamination are provided in which ions generated in the air surrounding the item 
(12), by the passage of alpha particles, are moved to a distant detector location (20). The parts of the item from which ions are withdrawn 
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contamination measurements during decommissioning operations. 
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MONITORING AND/OR DETECTING ALPHA-RADIATION SOURCES 


The present invention concerns improvements in and 
relating to monitoring and/or detecting and particularly, but 
not exclusively, to monitoring of multi-surface items, such as 
pipes, for alpha source contamination. 

Any item which passes time within the active area of a 
nuclear facility may become contaminated by radioactive 
material from within that area. As a result, before the item 
can be removed and subsequently re-used, disposed of or 
recycled its potential contamination needs to be evaluated. 
The absence of contamination may allow an item to be reused, 
whereas the presence of contamination may call for the item's 
safe disposal. 

Detection and monitoring of alpha contamination of such 
items presents a number of difficulties, principally due to the 
short distance over which alpha particles can be detected. 
Alpha particles are stopped by 10 's of micrometres of solid 
material and within a few centimetres in air. Detectors 
further away than these distances cannot detect the alpha 
contamination. In certain scenarios this, therefore, makes the 
detection of the alpha contamination very difficult, calling 
for close proximity scanning of the article with a detector. 
In other scenarios such detection is physically impracticable 
as the inside surfaces of, for instance, pipes, scaffolding and 
ducts are not readily accessible to such detectors and the 
detectors cannot monitor the alpha contamination through the 
walls of such items. 

The present invention aims to provide apparatus and 
methods for the successful monitoring of items for alpha 
contamination, with particular emphasis on poorly accessible 
and/or inaccessible surfaces. 

According to a first aspect of the invention we provide 
a method for detecting alpha sources on and/or associated with 
an item, the method comprising providing the item in an 
enclosed volume, providing a flow of gas from an inlet to the 
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volume past the item to an outlet, the gas passing the item, at 
least in part, passing through an electric field formed by the 
application of an electrical potential to at least one of a 
plurality of electrical conductors, the current in at least one 
electrical conductor being detected. 

In this way air passing over the item in the volume is 
partially ionised by any alpha contamination present and this 
can be detected when the ions are attracted to the conductors, 
due to the electric field, thus causing a current to flow. 

The item may provide one or more discrete flow paths over 
its surface and/or surfaces. For instance, a pipe may have an 
external flow path separated from an internal flow path by the 
material forming the pipe. The method may further provide the 
division of the item's surface to form a plurality of discrete 
flow paths . 

The method may provide for regulating the gas flow along 
one or more of the discrete paths. 

Preferably the method provides for detecting alpha 
sources of one or more of the surfaces forming the discrete 
flow paths. The method may provide for monitoring of less than 
all the flow paths by blocking one or more of the flow paths to 
the passage of gas. 

One or more of the discrete flow paths may be blocked by 
sealing that flow path. The seal may be provided between the 
item and the volume walls and/or across a flow path defined 
solely by the item. The flow path may be blocked by an 
inflatable seal. The flow path may be blocked by a variable 
aperture seal, such as an iris seal. The seal may be 
electrically non-insulating. 

Where the item is of the general form of one or more 
walls defining a through passage, the method may provide for 
detecting alpha sources in the through passage and/or on the 
external wall(s) and/or both. Such items are typified by 
pipes, scaffold lengths, ducts, conduits and the like. The 
through passage may be blocked by a seal extending across the 
through passage. The external passage, between the item and 
the volume wall (s) may be blocked by a seal extending there 
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between. The seal may be electrically non- insulating . 

Preferably the discrete passages are blocked at, or 
towards, their end nearest the outlet. 

The method may provide for detection using gas flow along 
all the discrete paths with further detection using gas flow 
along one or more of the discrete paths individually. All the 
discrete- paths may be detected individually. A value for the 
total contamination level and/or contamination level of one or 
more of the discrete paths may be provided. 

The gas flowrate through the instrument is preferably 
controlled. The flowrate may be adjusted in response to 
signals indicative of the flowrate. The flowrate may be 
adjusted by adjusting the speed of the fan. The signals 
indicating the flowrate may arise from an anerometer. 

A gas flowrate of between 1 and 3 m.sec" 1 is preferred. 
A gas . flowrate of between 1.25 and 2.75 m.sec" 1 , and more 
preferably between 1.5 and 2.5 m.sec* 1 , may be provided, 
particularly where the inner seal is open and/or where the 
inner seal is open and the outer seal is shut. 

A gas flowrate of between 1.25 and 1.75 m.sec" 1 , and 
preferably between 1.4 and 1.6 m.sec* 1 , may be provided where 
the outer seal is closed and/or where the outer seal is closed 
and the inner seal is open. 

The optimum gas flowrate for the inner valve open may 
increase as the length of the item being monitored increases. 
A flowrate of 1-5 m.sec* 1 +/- 10% is preferred for a 1.75 to 
2.25 metre length of item. A flowrate of 2 m.sec" 1 +/- 10% is 
preferred for a 3 . 5 to 4 . 5 metre length of item. A flowrate of 
2.5 m.sec" 1 +/- 10% is preferred for a 5 to 7 metre length of 
item . 

The enclosed volume may be elongate about an axis. A 
square, rectangular or circular cross-section volume, across 
the axis, may be provided. 

Preferably only one inlet and/or one outlet is provided. 
Preferably the inlet and/or outlet oppose one another. 

The electric field may be formed by the application of an 
electrical potential to an electrically conducting wall or 
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portion thereof, of the volume and/or to a discrete conductor. 
The electric field may be formed between two or more 
conductors. Two or more conductors with applied potential 
and/or two or more conductors of a different potential, such as 
earthed, may be used. Applied potential conductors and 
different potential conductors may be paired with one another. 
The number of applied or different potential conductors may 
exceed the other, preferably by one. 

Two or more of the applied potential conductors may be 
connected together. Alternatively or additionally two or more 
of the different potential conductors may be connected 
together. 

The current is preferably detected by an electrometer. 

The current in the applied potential and/or different 
potential conductors may be determined. 

The method may include the filtering of gas entering the 
volume and/or exiting the volume. The gas may be filtered to 
remove particulate matter and/or ions. Preferably the gas is 
the ambient gas for the monitoring location, most preferably 
air . 

The plurality of electrical conductors may include a wall 
of the volume or a portion thereof. 

Preferably the item is supported within the volume to 
provide a flow of gas over substantially all the item's 
surface. The item may be supported on a frame or cradle. 
Preferably the item is supported in general alignment with the 
volume ' s axis . 

Preferably the discrete flow paths are aligned with the 
electrical conductors and/or with the volumes axis. It is 
particularly preferred that the inlet, the item's discrete flow 
path(s), the electrical conductors and the outlet all be 
generally aligned along a common axis. 

The item may be supported such that the axis of the 
volume passes along one of its discrete flow paths. Where the 
item has an inner discrete path, preferably this path is 
aligned with the axis and/or centre-line of the volume. 

The first aspect of the invention may include any of the 
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options, possibilities, features and the like set out elsewhere 
in this application. 

According to a second aspect of the invention we provide 
a method for detecting alpha sources on and/or associated with 
an item, the method comprising providing the item in an 
enclosed volume, providing a flow of gas from an inlet to the 
volume past the item to an outlet, the gas passing the item 
and, at least in part, passing through an electric field formed 
by an electrical potential on an electret, the variation in the 
electrical potential of the electret being detected. 

The electret may be planar. The electret may be provided 
at an angle to the gas flow. The electret may be provided 
perpendicular to the gas flow. The gas flow may impinge on the 
electret . 

The electret may comprise fluorocarbon polymer and/or 
high electrical resistance polymers. FEP or PTFE Teflon offer 
suitable materials . 

The electret may have a thickness less than 500 mm thick, 
and more preferably less than 200 mm thick. A thickness of at 
least 1mm may be provided. Electrets of different thicknesses 
may be provided. 

Two or more electrets may be provided. Electrets of 
opposing polarities may be provided. The electrets may be 
provided in opposition to one another. The electrets may be 
aligned with the gas flow direction, i.e. parallel thereto. 

An uncharged detector cap may be provided between the 
source of the ions and the electret. The ions may be 
electrostatically attracted to the cap by the electret. 
Preferably the cap is transparent to the electrostatic field. 
The cap may be spaced from or in contact with the electret. 
The change in the electrical potential of the cap may be 
measured . 

The second aspect of the invention may include any of the 
•features, options, possibilities, structures and stages set out 
elsewhere in this document. 

According to a third aspect of the invention we provide 
a method for detecting alpha sources on and/or associated with 
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an item, the method comprising providing the item in an 
enclosed volume, providing a flow of gas from an inlet to the 
volume past the item to an outlet, the gas passing the item 
and, at least in part, passing through an electric field formed 
by an electrical potential, ions in the gas being attracted to 
the electrical potential, the discharge of the ions being 
detected. 

The electrical potential may be provided by an electret . 
The discharge of the ions may be detected by monitoring the 
change in electrical pocential . 

The electrical potential may be provided by the 
application of an electrical potential to at least one of a 
pair of electrical conductors. The discharge of the ions may 
be detected by monitoring the current arising. 

The third aspect of the invention may include any of the 
options, possibilities, features and the like set out elsewhere 
in this application. 

According to a fourth aspect of the invention we provide 
apparatus for detecting alpha sources on or associated with an 
item, the apparatus comprising an enclosed volume having an 
inlet and an outlet, the enclosed volume providing a location 
area for the item and a detection area, the detection area 
being provided with a plurality of electrical conductors, a 
potential being applied to at least one of the electrical 
conductors to provided an electrical field between at least two 
of the conductors, means for providing a flow of gas from an 
inlet to an outlet, at least part of the gas flow passing 
through the electric field, and current detection means 
connected to at least one of the conductors. 

Preferably the volume is elongate. Preferably the inlet 
is provided at one of the ends and the outlet is provided at an 
opposing end. The volume may be of square, rectangular or, 
more preferably, circular cross-section about an axis. A 
•cylinder provides a preferred configuration for the volume. 
Preferably the inlet and/or outlet are provided on the axis of 
the cylinder. 

Preferably the item location area is nearer the inlet 
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than the detection area is. 

Preferably an item support frame or cradle is provided. 
The item support frame may be removable from the item location 
area. Preferably the support separates the item from the 
wall(s) of the volume. In this way air flow all around the* 
item is ensured. The support may be adjustable to accommodate 
different types and/or different sizes of item. Preferably the 
item is supported with its longest axis generally aligned with 
the longest axis of the volume. 

The item and/or the apparatus may define one or more, and 
preferably two or more, discrete flow paths over its surface or 
surfaces. A pipe may therefore define an inner discrete flow 
path and an outer discrete flow path over its inner and outer 
surfaces respectively. Alternatively the apparatus may combine 
with the item to divide the items surface into a number of 
discrete flow paths. 

Preferably the apparatus is provided with means for 
controlling the flow of gas along one or more of the discrete 
flow paths. Preferably the means block or restrict the flow of 
gas along a given flow path. Preferably a plurality of means 
are provided to restrict or block flow along a plurality of 
flow paths. Preferably the means are discrete to provide 
restrict or block one or more discrete flow paths separately as 
required . 

The means may comprise a seal. The seal may be 
inflatable, preferably to varying degrees. Preferably the 
inflatable seal is capable of uneven inflation. In this way 
non-uniform items can be sealed. The seal is preferably 
variable and/or flexible in its sealing configuration. An iris 
type seal may be provided. 

One or both of the seals may be provided of electrically 
conducting material, for instance carbon impregnated rubber. 

The means may comprise an element adapted to extend into 
• the volume from one or more of the walls thereof to a variable 
extent. The means preferably extend around the entire 
perimeter of the volume. In this way a seal around the entire 
outside of the item can be provided. Preferably in the 
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blocking configuration the means extend from the outside 
surface of the item to the wall of the volume. Where a 
cylindrical cross-section volume is employed the means may 
extend into the cylindrical cross- section to reduce the 
effective diameter of the cross-section. 

Alternative or additional means may be provided within 
the volume. Preferably the means are provided substantially 
centrally and/or axially within the volume. Preferably the 
means are positioned proximate to or within a flow path through 
an item, in the case of a pipe for instance, within the pipe. 
Preferably such means can be extended across the cross-section 
of the volume as required. The radial extent of the means 
relative to the axis of the volume may be variable both in 
extent and in different directions. 

Restricting and/or blocking of a flow path may be 
provided by introducing or removing such means or by varying 
the configuration of the means at the location of use so as to 
restrict or block the flow path, for instance by inflation or 
by re-orientating the means. 

The restriction or blocking means may be used to control 
the cross-sectional area of a flow path. In this way the flow 
rates along one or more discrete flow paths can be regulated 
relative to one or more other flow paths. 

The plurality of electrical conductors may include a wall 
of the volume, and/or a portion thereof. The electric field 
may be provided between a single electrical conductor and a 
wall, or a portion of a wall, of the volume. The plurality of 
electrical conductors may comprise a pair of electrical 
conductors insulated from the wall of the volume. 

The electrical potential may be applied to a plurality of 
electrical conductors. A plurality of opposing electrical 
conductors at a different potential may be applied. The 
different potential may be earth. Preferably each applied 
.potential conductor is provided between a pair of different 
potential conductors. Each different potential conductor may 
be provided between a pair of applied potential conductors. 
The number of applied potential or different potential 
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conductors may exceed the number of the other, preferably by 
one . 

The applied potential conductors and/or different 
potential conductors may be connected together, preferably in 
series . 

The current detector may be connected to one or more 
applied potential conductors. The current detector- may be 
connected to one or more different potential conductors. One 
or more current detectors may be connected to one or more of 
the applied potential conductors and one or more current 
detectors may be connected to one or more of the different 
potential conductors. Ions of both polarities may therefore be 
detected at the same time. 

Preferably a plurality of conductors are provided across 
the cross-section of the volume and/or across the gas flow 
path. Preferably all or substantially all of the gas flow 
passes through an electric field. 

The electrical conductors may comprise plates, grids, 
meshes or wires and/or mixtures thereof. The conductors may be 
linear, planar or cylindrical forms and/or mixtures thereof. 

The applied potential may be the same for each of the 
applied potential conductors or different potentials may be 
applied . 

The current detection means may comprise an electrometer. 

Preferably a filter is provided between the inlet to the 
volume and the item location. Preferably the filter is a 
particulate matter and/or ion filter. In this way the air flow 
to the apparatus is free of contamination or ions from the 
ambient air which might otherwise give a false reading. 

Preferably the air flow through the volume is provided by 
a fan. Preferably the fan is provided between the detection 
unit and the outlet. Preferably the speed of the fan is 
adjustable, so as to enable the gas flow through the instrument 
'to be varied. 

Measuring means may be provided within the instrument, 
for instance in the enclosed volume, to measure the flowrate or 
speed. The means may comprise an anemometer. 
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A reference or control source of alpha particles and/or 
ions may be provided within the instrument. The control source 
may introduce ions into the flow to be detected in one 
configuration and/or may be restricted from introducing ions 
into the flow in a second configuration. The two 

configurations may involve exposing the source to a gas flow in 
one configuration and not in. the other, The source may be 
provided within an open ended tube. The tube may be aligned 
with the gas flow in one configuration but not in the other. 

A filter, preferably a particulate filter, is provided 
between the detector and the outlet. Most preferably the 
filter is provided between the detector location and the fan. 
A HE PA filter may be used. 

Preferably the filter assembly and/or fan/detector 
assembly can be moved to allow access to the item location. 

The fourth aspect of the invention may include any of the 
options, possibilities, features and the like set out elsewhere 
in this application. 

According to a fifth aspect of the invention we provide 
apparatus for detecting alpha sources on and/or associated with 
an item, the apparatus comprising an enclosed volume having an 
inlet and an outlet, the enclosed volume providing a location 
area for the item and a detection area, the detection area 
being provided with an electret, the electrostatic potential of 
the electret providing an electric field, means being provided 
for generating a flow of gas from the inlet to the outlet, at 
least part of the gas passing through the electric field, and 
means for monitoring the variation in the electrical potential 
of the electret . 

The electret may be planar. The electret may be provided 
at an angle to the gas flow. The electret may be provided 
perpendicular to the gas flow. The gas flow may impinge on the 
electret . 

The electret may comprise fluorocarbon polymer and/or 
high electrical resistance polymers. FEP or PTFE Teflon offer 
suitable materials . 

The electret may have a thickness less than 500 mm thick, 
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and more preferably less than 200 mm thick. A thickness of at 
least 1mm may be provided. Electrets of different thicknesses 
may be provided. 

Two or more electrets may be provided. Electrets of 
opposing polarities may be provided. The electrets may be 
provided in opposition to one another. The electrets may be 
aligned with the gas flow direction, i.e. parallel thereto. 

An uncharged detector cap may be provided between the 
source of the ions and the electret. The ions may be 
electrostatically attracted to the cap by the electret. 
Preferably the cap is transparent to the electrostatic field. 
The cap may be spaced from or in contact with the electret. 
The change in the electrical potential of the cap may be 
measured. 

The fifth aspect of the invention may include any of the 
features, options, possibilities, structures and stages set out 
elsewhere in this document. 

According to a sixth aspect of the invention we provide 
apparatus for detecting alpha sources on and/or associated with 
an item, the apparatus comprising an enclosed volume having an 
inlet and an outlet, the enclosed volume providing a location 
area for the item and a detection area, the detection area 
being provided with an electrical potential giving an electric 
field, means being provided for generating a flow of gas from 
the inlet to the outlet, at least part of the gas passing 
through the electric field and means for monitoring the 
discharge of ions. 

The electrical potential may be provided by an electret. 
The discharge of the ions may be detected by monitoring the 
change in electrical potential. 

The electrical potential may be provided by the 
application of an electrical potential to at least one of a 
pair of electrical conductors. The discharge of the ions may 
-be detected by monitoring the current arising. 

The sixth aspect of the invention, may include any of the 
options, possibilities and features set out elsewhere in this 
document . 
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According to a seventh aspect of the invention we provide 
items, articles, pipes, ducts, scaffolding or parts thereof, 
having a determined alpha contamination level, which level has 
been determined using the method of the first aspect and/or the 
apparatus of the second aspect of the invention. 

The alpha contamination level may have been determined as 
an absolute value. Alternatively or additionally the alpha 
contamination level may have been determined with respect to 
one or more threshold values. The categorisation of the item 
or part thereof as "high level", "low level" or "non- 
contaminated is envisaged. 

The items may be provided together with an indication of 
the level detected. 

Embodiments of the invention will now be described, by 
way of example only, and with reference to the accompanying 
drawings in which : - 

Figure 1 schematically illustrates an embodiment of the 
invention in sectional side view in a first monitoring 
configuration ? 

Figure 2 schematically illustrates the apparatus of 
Figure 1 in a second monitoring configuration; 

Figure 3 schematically illustrates the apparatus of 
Figure 1 and Figure 2 in a third monitoring configuration; 

Figure 4 illustrates monitoring results for an instrument 
according to the invention; and 

Figure 5 illustrates monitoring results from an 
instrument according to the invention under optimised 
conditions . 

The apparatus provides an elongate measuring chamber 2 
defining an inlet end 4 and an outlet end 6. Air 1 is drawn 
through the measurement chamber 2 from inlet 4 to outlet 6 by 
means of a fan unit 8. 

At the inlet 4 the measuring chamber 2 is provided with 
"•a filter 10 through which all of the air passes. The air is 
filtered to remove suspended particulate matter and also to 
remove any existing ions in the air feed to the apparatus. 

The filter containing assembly 11 can be detached from 
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the measuring chamber 2. The item, in this case a pipe 12, is 
supported clear of the walls of the measurement chamber 2 by a 
cradle 14 . 

As can be seen, in this monitoring configuration, the 
external surface 16 and internal surface 18 of the pipe 12 are 
generally aligned with the air flow through the apparatus. 

Between the pipe 12 and the fan 8 the apparatus is 
provided with the detection unit 20, described in more detail 
below . 

In use, in the first monitoring configuration, air is 
drawn by the fan 8 through filter 10 and past the pipe 12. The 
air flows both over the external surface 16, flow arrow A, and 
also over the inner surface 18 of the pipe 12, flow arrow B. 

Once clear of the pipe 12 the air from over the external 
surface 16 and from over the internal surface 18 passes between 
detector plates 22 forming part of the detection unit 20. 

Alpha particles emitted into air only travel a few 
centimetres, they would not be detectable by the distant 
detector unit 20. However, during the course of their travel 
through the air the alpha particles cause ionisation of a 
significant number of air molecules. These ionised molecules 
remain in that state for a significant time and can be swept 
from proximity with the pipe surfaces 16,18 to the detector 
plates 22 before they recombine . 

By applying a potential to the plates 22 within the 
detection unit 20 an electric field can be generated between 
them. Charged particles, the ionised air molecules, entering 
this field are attracted to the plates 22 having an opposing 
applied potential. The current resulting from these ions are 
detected by electrometer 24 via electrical connection 26. 

The current can be equated to a given level of 
contamination using pre-obtained calibration data. A value for 
the overall contamination is thus obtained. This alone gives 
•only limited information about the contamination and its 
location. By using a further configuration for monitoring, 
however, the information can be supplemented. 

Whilst it is preferred that the item being monitored is 
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electrically conducting to the extent of being non- insulating , 
measurements with insulated items can be made provided 
sufficient time is allowed for the natural charge to decay. 
Whilst a nature charge persists on the item ions generated by 
the alpha particles are attracted to it and the number of ions* 
detected by the monitor is depressed. 

In a further configuration, illustrated in Figure 2, for 
instance, the apparatus and pipe are the same as for Figure 1. 
However, during the monitoring procedure the air drawn through 
the measuring chamber 2 can only pass down through the inside 
of the pipe 12 and hence over inner surface 18. The flow path 
around the outside of the pipe 12 is blocked by seal 30. The 
seal 30 consists of an inflatable bladder which can be inflated 
to take up the shape of the flow path between the inside 
surface of the measuring chamber wall and the outside surface 
16 of the pipe 12 at that location. The flexible nature of the 
material forming the inflatable seal ensures that it fully 
takes up the shape of the flow path and so ensures that no air 
flow along flow path arrow A is possible in this configuration. 
Inflation of the seal to a high level ensures that it fully 
takes up the outer surface shape of the item, even where 
irregular surface shapes are encountered. 

The detection unit 20 is as for Figure 1 and detects the 
ionised air molecules in the same way. The result this time, 
however, gives a reading for the level of contamination on the 
inner surface 18 alone. 

To revert the instrument to the detection configuration 
of Figure 1 the bladder can be deflated. This allows air flow 
along path A once more. 

In an alternative further configuration, illustrated in 
Figure 3, the flow path through the inside of the pipe 12 is 
blocked by an inflatable bladder 32. This prevents air flow 
over the inner surface 18 and ensures that only air which has 
• flowed over the outer surface 16, arrow A, reaches the 
detection unit 20. Once again the flexible material forming 
the bladder 32 ensures a complete seal between the bladder and 
the inner surface 18 of the pipe. With irregular shaped 
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articles the radial extent of the seal varies to fully take up 

a sealing shape. 

The ionised molecules detected in this configuration give 
a reading for the external surface contamination alone. 

The instrument can revert to the monitoring configuration 
of Figure 1 by deflating the bladder 32. 

It is preferred that the inner bladder 32 which acts as - 
one seal and/or the outer bladder 30 which acts as the other 
seal being non- insulating . Carbon impregnated rubber offers a 
suitable material for the inner and/or outer bladders. The 
outer seal may be in the form of an iris valve. The inner seal 
may be in the form of a gag valve. 

Both alternative configurations can be employed or the 
result for one can be determined by subtracting the alternative 
used from the total value. The alternatives can be used as a 
cross-check for the total result, or replace it by adding the 
two results together. 

The control of the air flow through the instrument is 
important in obtaining optimised detection. To monitor the 
flow rates an anemometer is provided and the fan speed is 
adjusted according to the results obtained to get the best 
conditions . 

To facilitate the calibration of the instrument a tube 
can be placed between the inlet filter and the detector 
locations and brought into and taken out of alignment with the 
• air flow. When aligned ions generated by an alpha source 
within the tube are swept through the instrument and detected. 
When out of alignment practically none of the ions are swept 
through the instrument and a background only signal is 
achieved. The source enables accurate calibration irrespective 
of ambient conditions due to its known ion generating 
properties. Additionally the source provides a check to ensure 
that the instrument is functioning and the extent to which it 

• is functioning . 

As an illustration of the technique detection results 
were obtained for an instrument having the general structure 
outlined above. The detection unit 20 produced the results 
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indicated in Figure 4, initially due to background radiation 
only (typically from radon gas and cosmic rays) , portion A and 
portion C; but also due to the presence of an 140Bq Am241 alpha 
source 4 metres from the detection plates , portion B. Portion 
B represents the total reading for both inner and outer 
surfaces of the pipe. A plot for a refined set of conditions 
for the same source at 2 metres for the detector is shown in 
Figure 5. Similar portions A, B and C are featured but with a 
lower background signal level and better discrimination as a 
result . 

Similar tests were also conducted with a variety of 
source locations, for a 348 Bg alpha source, on the inner or 
outer surface and with the outer seal 30 either open or shut, 
with the following results. 


Source Location 

Outside Valve 

Electrometer 

Corrected 


Status 

Response 

Response 



pA 

pA 

BACKGROUND 

OPEN 

1.4 

0.0 

INSIDE SURFACE 

OPEN 

4 . 2 

2.8 

INSIDE SURFACE 

CLOSED 

4 . 4 

3.0 

OUTSIDE SURFACE 

OPEN 

4 . 5 

3 . 1 

OUTSIDE SURFACE 

CLOSED 

1 . 3 

-0 . 1 


Each measurement was conducted over a period of 300 
seconds and air flow velocity through the detection unit was 
maintained constant . 

Through subsequent optimisation of the detection method 
for a 348 Bq alpha source at the specified locations, with a 
detection period of 100 seconds and optimised air flow rates, 
the following results were achieved. 


1 Source Location Outside Valve Electrometer Corrected 

Status Response Response 

pA pA 

BACKGROUND OPEN 0.4 5 0.00 
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OUTSIDE SURFACE OPEN 
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2.06 1.61 
2.26 1.81 
2 . 06 1.61 


The air flow rate through the instrument is significant* 
to its optimum operation. The table set out below provides 
details of preferred and optimum flowrates with the Gag valve 
open or shut and for different module lengths. The module 
length equates to the addition of a longer tube to allow longer 
items to be monitored. 


LENGTH 

GAG VALVE OPEN 

GAG VALVE SHUT 

metres 

PREFERRED 

OPTIMUM 

PREFERRED 

OPTIMUM 

2 

1 TO 2 

1.5 

1 TO 2 

1.5 

4 

1.5 TO 2.5 

2 

1 TO 2 

1.5 

6 

2 TO 3 

2.5 

1 TO 2 

1 . 5 
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CLAIMS : 

1. A method for detecting alpha sources on and / or 
associated with an item, the method comprising providing the 
item in an enclosed volume, providing a flow of gas from ari 
inlet to the volume passed the item to an outlet, the gas 
passing the item, at least in part, passing through an electric 
field, formed by the application of an electrical potential to 
at least one of a plurality of electrical conductors, the 
current in at least one electrical conductor being detected, 
the item and / or apparatus providing two or more discrete flow 
paths over the item's surface and / or surfaces and wherein the 
method provides for detecting alpha sources of one or more of 
the surfaces forming the discrete flow paths separately from 
one or more of the surfaces forming the other discrete flow 
paths . 

2. A method according to claim 1 in which the item is of the 
form of one or more walls defining a through passage and the 
method provides for detecting alpha sources in the through 
passage and / or on the external walls and / or both. 

3 . A method according to claim 1 or claim 2 in which the 
method provides for monitoring of less than all the flow paths 
by blocking one or more of the flow paths to the passage of 
gas. 

4. A method according to claim 3 in which one or more of the 
discrete flow paths is blocked by sealing that flow path. 

5. A method according to claim 4 in which the seal is 
provided between the item and the volume walls and / or across 
a flow path defined solely by the item. 

6. A method according to claim 4 or claim 5 in which the 
flow path is blocked by an inflatable seal. 
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7. A method according to claim 4 or claim 5 in which a flow 
path is blocked by a variable aperture seal, such as an iris 
seal . 

8. A method according to any preceding claim which provides 
for detection using gas flow along all the discrete paths with 
further detection using gas flow along one or more of the 
discrete paths individually. 

9. Apparatus for detecting alpha sources on or associated 
with an item, the apparatus comprising an enclosed volume 
having an inlet and an outlet, the enclosed volume providing a 
location area for the item and a detection area, the detection 
area being provided with a plurality of electrical conductors, 
a potential being applied to at least one of the electrical 
conductors to provide an electrical field between at least two 
of the conductors, means for providing a flow of gas from an 
inlet to an outlet, at least part of the gas flow passing 
through the electric field, and current detection means 
connected to at least one of the conductors, the item and / or 
apparatus providing two or more discrete flow paths over the 
item's surface and / or surfaces and wherein the apparatus is 
provided with means for controlling the flow of gas along one 
or more of the discrete flow paths. 

10. Apparatus according to claim 9 in which the means block 
or restrict the flow of gas along a given flow path. 

11. Apparatus according to claim 9 or claim 10 in which a 
plurality of means are provided to restrict or block flow along 
a plurality of flow paths. 

12 . Apparatus according to any of claims 9 to 11 in which the 
means comprise a seal . 

13 . Apparatus according to claim 12 in which the seal is 
variable and / or flexible in its sealing configuration. 
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14. Apparatus according to claims 9 to 13 in which the means 
comprise an element adapted to extend into the volume from one 
or more of the walls thereof to a variable extent . 

15. Apparatus according to any of claims 9 to 14 in which the* 
means are provided substantially centrally and / or axially 
within the volume. 

16. Apparatus according to any of claims 9 to 15 in which 
the radial extent of the means relative to the axis of the 
volume is variable in extent and / or direction. 

17. A method for detecting alpha sources on and/or associated 
with an item, the method comprising providing the item in an 
enclosed volume, providing a flow of gas from an inlet to the 
volume past the item to an outlet, the gas passing the item 
and, at least in part, passing through an electric field formed 
by an electrical potential on an electret, the variation in the 
electrical potential of the electret being detected. 

18. A method according to claim 17 in which the gas flow 
impinges on the electret . 

19. A method for detecting alpha sources on and/or associated 
with an item, the method comprising providing the item in an 
enclosed volume, providing a flow of gas from an inlet to the 
volume past the item to an outlet, the gas passing the item 
and, at least in part, passing through an electric field formed 
by an electrical potential, ions in the gas being attracted to 
the electrical potential, the discharge of the ions being 
detected . 

20. A method according to claim 19 in which the electrical 
. potential is provided by an electret and the discharge of the 

ions is detected by monitoring the change in electrical 
potential . 
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21. A method according to claim 19 in which the electrical 
potential is provided by the application of an electrical 
potential to at least one of a pair of electrical conductors, 
the discharge of the ions being detected by monitoring the 
current arising, 

22. Apparatus for detecting alpha sources on and/or 
associated with an item, the apparatus comprising an enclosed 
volume having an inlet and an outlet, the enclosed volume 
providing a location area for the item and a detection area, 
the detection area being provided with an electret, the 
electrostatic potential of the electret providing an electric 
field, means being provided for generating a flow of gas from 
the inlet to the outlet, .at least part of the gas passing 
through the electric field, and means for monitoring the 
variation in the electrical potential of the electret. 

23. Apparatus for detecting alpha sources on and/or 
associated with an item, the apparatus comprising an enclosed 
volume having an inlet and an outlet, the enclosed volume 
providing a location area for the item and a detection area, 
the detection area being provided with an electrical potential 
giving an electric field, means being provided for generating 
a flow of gas from the inlet to the outlet, at least part of 
the gas passing through the electric field and means for 
monitoring tne discharge of ions. 
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PURPOSE: To achieve a high performance digital conversion by including a count- 
ing rate meter for measuring counting rate of incident y ray and a control 
circuit for controlling the number of digitized bits according to the counting 
rate. 

CONSTITUTION: Data counts per unit time, namely, counting rate of incident y 
rays is measured with a counting rate meter 9 by a Z signal Z outputted from a 
position calculating circuit 1. A gate control circuit 10 receives signal from the 
counting rate meter 9 and sets a prohibition time so that an A/D conversion 
clock s 3 will be outputted from the second AND gate 5 by the same number 
as the number of digitized bits predetermined according to the counting rate 
obtained to output a conversion prohibiting signal s,. 
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PURPOSE: To elevate the detection efficiency and the detection limit by fetching 
and measuring a signal of a radiation released from a surface pollutant of a 
nuclear fuel element from between the element and a core wire wound there- 
a round. 

CONSTITUTION: A nuclear fuel element A is introduced into a surface pollution 
detector section B and a counting gas flows to a gas outlet 5 from a gas inlet 
4 to replace the inside of the detector section B. A voltage is applied to a 
tungsten core wire 6 and a copper outer cylinder 7 via a steel wire section 15 
and conductors 12 and 13 and counting is started with the nuclear fuel element 
A grounded 14. The tungsten core wire 6 and the copper outer cylinder 7 act 
as cathode as against the nuclear fuel element A grounded. As a result, a ray 
from a fuel meaterial attached to the surface of the nuclear element A flies 
out to the cathode, secondary particles gathered with the tungsten core wire 6 
and the nuclear fuel element A and after the amplification and shaping of a 
waveform, counts the value to be measured. 
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(54) SMALL TYPE PROXIMITY SENSOR 

(11) 59-137877 (A) (43) 8.8.1984 (19) JP 

(21) Appl. No. 58*12393 (22) 27.1.1983 
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PURPOSE: To reduce the diameter of a detection head to less than 3mm by causing 
an oscillation with a transformer type oscillation circuit having a coil buried 
direct into a metal pipe in a detection head separating high frequency oscillation 
type proximity sensor. 

CONSTITUTION: An oscillation output generated from an oscillation circuit 5 
having a primary side of a transformer type coil 3 and a resonance circuit in a 
resonance condenser 4 is fed to a detection coil 1 through a cable 2 from the 
secondary side of the transformer type coil 3. An eddy current loss in a metal 
detection body approaching the detection coil is detected depending on a high 
frequency magnetic field generated with the detection coil 1 as change in the 
oscillation amplitude. A detection head section is made up of a coil 9 buried 
direct into a metal pipe 10 thereby enabling reduction in the diameter. 
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